We investigated the binding characteristics, content and intracellular distribution of nuclear and cytosolic oestrogen receptors in the uteri of rats bearing a unilateral intrauterine device, fitted 14-18 days earlier, at four phases of a 5-day oestrous cycle. The patterns of changes in wet weight and content of cytosolic and nuclear receptor that normally occur during the oestrous cycle were not altered by the presence of the device. At all stages of the cycle the intra-uterine-device-containing horn had a greater wet weight and a correspondingly higher content of cytosolic receptor than its contralateral control horn, the cellular concentration of cytosolic receptor being apparently maintained. However, the intra-uterine-device-containing horn had significantly lower cellular concentrations (i.e. per mg of DNA) of nuclear receptor, particularly at late dioestrus and pro-oestrus. Thus the treated horn showed a decreased translocation of receptor in response to increases in circulating oestrogens. Both horns contained equivalent amounts of an activating factor implicated in translocation and measured in vitro by binding of cytosol receptor to oligo(dT)-cellulose. The presence of an intra-uterine device neither altered the dissociation constants (Kd) of the nuclear and cytosolic oestrogen-receptor complexes nor the stability of the nuclear receptor complex in vitro. The decreased translocation cannot thus be directly attributed to changes in the physical properties of the receptor. This decrease may be responsible for the anti-fertility effect of the intra-uterine device (which affects only the treated horn of the bicornuate rat uterus), since implantation of the blastocyst requires correct concentrations of nuclear oestrogen receptor.
We investigated the binding characteristics, content and intracellular distribution of nuclear and cytosolic oestrogen receptors in the uteri of rats bearing a unilateral intrauterine device, fitted 14-18 days earlier, at four phases of a 5-day oestrous cycle. The patterns of changes in wet weight and content of cytosolic and nuclear receptor that normally occur during the oestrous cycle were not altered by the presence of the device. At all stages of the cycle the intra-uterine-device-containing horn had a greater wet weight and a correspondingly higher content of cytosolic receptor than its contralateral control horn, the cellular concentration of cytosolic receptor being apparently maintained. However, the intra-uterine-device-containing horn had significantly lower cellular concentrations (i.e. per mg of DNA) of nuclear receptor, particularly at late dioestrus and pro-oestrus. Thus the treated horn showed a decreased translocation of receptor in response to increases in circulating oestrogens. Both horns contained equivalent amounts of an activating factor implicated in translocation and measured in vitro by binding of cytosol receptor to oligo(dT)-cellulose. The presence of an intra-uterine device neither altered the dissociation constants (Kd) of the nuclear and cytosolic oestrogen-receptor complexes nor the stability of the nuclear receptor complex in vitro. The decreased translocation cannot thus be directly attributed to changes in the physical properties of the receptor. This decrease may be responsible for the anti-fertility effect of the intra-uterine device (which affects only the treated horn of the bicornuate rat uterus), since implantation of the blastocyst requires correct concentrations of nuclear oestrogen receptor.
The role of a specific macromolecular receptor present in the cytosol of target tissues in oestrogenmediated cell functions is now well established (O'Malley & Means, 1974; King & Mainwaring, 1974) . This cytosolic receptor forms a complex with oestrogen entering the cell and then translocates into the nucleus, where it influences cellular activity. In the rat uterus, the extent of the cellular response appears to be governed by the concentration of the nuclear receptors, and cellular changes that occur during the oestrous cycle are associated with phasic changes in nuclear receptor content (Clark et al., , 1973 White et al., 1978) .
The reproductive function of the rat uterus can be interfered with by the insertion of an intra-uterine device. However, the anti-fertility effect is seen only in the intra-uterine-device-containing horn, the other horn of the bicornuate uterus supporting normal implantation of the blastocyst (Doyle & Margolis, 1964) . In other species, for example the mouse, both horns can be affected. In the rat, this insertion results in a generalized growth of both endometrium and myometrium, accompanied by increases in wet and dry weight. The presence of the intra-uterine device does not alter the duration ofthe oestrous cycle, ovulation, gonadotropin release or corpus-luteum function (Parr & Segal, 1966; Corfman & Segal, 1968) . The metabolic effects observed include increased incorporation of precursors into RNA and protein and have been attributed to possible alterations in the sensitivity of the affected uterus to circulating oestrogens, as a result of increased intracellular concentrations of either oestrogen or oestrogen receptors (Laumas & Yadava, 1969; Joshi, 1970) . Labhsetwar & Perser (1972) have also reported an increased uptake of radioactive oestradiol throughout the oestrous cycle by rat uteri containing intra-uterine devices. However, the study involved the injection of trace amounts of [3H]-oestradiol into normal adults, where endogenous concentrations of circulating oestrogens undoubtedly influenced measurements of apparent uptake of the hormone.
Oestradiol is involved in the implantation process (Heald, 1976) , and the participation of nuclear oestrogen receptors is critical to this involvement (Martel & Psychoyos, 1976 . Under these conditions endogenous oestrogen was exchanged with the added labelled oestradiol and available binding sites were filled by [3H]oestradiol. For routine measurements of total nuclear receptors, a saturating concentration of 10nM-[3H]oestradiol was used. The exchange was terminated after 1 h by the addition of 1 ml of ice-cold TED buffer. The nuclear pellet was then washed three times with TED buffer. To decrease the high non-specific binding (from 50-70% to 30% of total radioactivity) an additional 5min wash with 1 ml of 0.1 % Triton X-100 in TED buffer was introduced at the beginning ofthe washes.
[3H]Oestradiol was then extracted with 2 x 1 ml of ethanol. The extracts were added to 10ml of a scintillation 'cocktail' of4.5 g of butyl-PBD in 1 litre of toluene for determination of radioactivity in an Intertechnique SL 4000 liquid-scintillation counter. Triplicate estimations agreed to within 10-15 %. The rate of receptor breakdown was 15 %/hour for both treated and control horns and estimates of nuclear receptor were accordingly adjusted. LH-20 (Ginsburg et al., 1974; Thrower et al., 1976 Burton (1956) .
Assay of cytosolic receptor

Results
Interaction of oestrogen with receptors isolated from intra-uterine-device-containing and control horns
We first set out to determine whether the presence of an intra-uterine device might grossly affect the interaction of oestrogen with the receptor. In addition, it was necessary to validate the use of methods previously used (White et al., 1978) in determining the content of oestrogen receptors in nuclear and cytosolic fractions isolated from uteri of normal females. The exchange assay method of Anderson et al. (1972) Scatchard (1949) , showed the nuclear receptor isolated from intra-uterine-devicecontaining horns and from control horns to have dissociation constants (Kd) (±S.E.M.) of respectively 4.1+0.3 (4) and 2.2+0.7 (4)nM. These are in the range of Kd values for nuclear receptors reported by other workers (see Buller & O'Malley, 1976) and showed that the presence of an intra-uterine device had not substantially altered the binding characteristics of the nuclear receptor.
In both intra-uterine-device-containing and control horns, 95% saturation of the specific binding sites on the cytosol receptors was obtained at a concentration of 5 nM-[3H]oestradiol. This concentration was used in all subsequent measurements of the cytosolic receptor. Scatchard analysis of the binding data gave a Kd of 0.40+0.03 (3) and 0.46±0.04 (3) nM for cytosolic receptors isolated from intra-uterinedevice-containing and control horns respectively. These measurements, which are in agreement with other reports (Buller & O'Malley, 1976) , showed the intra-uterine device to have no effect on the oestrogen-binding characteristics of the cytosolic receptor.
Effect ofthe intra-uterine device on the oestrous cycle (a) Phasic changes in wet weight and oestrogenreceptor content. We next studied the effects of the intra-uterine device on the phasic changes in wet weight and in receptor content normally associated with the oestrous cycle. The data were derived from measurements of four separate groups of rats, with each group being segregated into the different phases of the cycle. The results for each phase were expressed in terms of the mean value of all four separate phases (mean = 100%). The results for the different groups of animals could then be combined to give mean values±S.E.M. This kind of analysis is similar to that of White et al. (1978) . The results (Fig. 1) showed that both intra-uterine-device-containing and control horns exhibited similar patterns of changes in wet weight and content of cytosol and nuclear receptors. For example, in both horns, wet weight and nuclear receptor content were minimal at metoestrus and maximal at pro-oestrus. The intra-uterine device thus did not alter the basic phasic nature of uterine activity. However, it appeared to affect the magnitude of the phasic changes in nuclear receptor content. In the transition from metoestrus to prooestrus, the control uterine horn responded to the increase in circulating oestrogen (Naftolin et al., 1972 ) with a corresponding increase in nuclear receptor content of about 5-fold (similar to that reported by White et al., 1978) . In the intra-uterine- cycle in wet weight, cytosolic receptor content and nuclear receptor content for intra-uterine-device-containing and control uterine horns Four separate groups of 30 rats, fitted unilaterally with an intra-uterine device 18 days previously, were segregated according to phase of oestrous cycle. Measurements of uterine wet weight, cytosolic and nuclear receptor content were made as described (and tabulated) in Tables 1 and 2 (b) Intra-uterine-device-inducedchanges in wet weight and cytosolic receptor content. At all four phases of the oestrous cycle, the presence of the intra-uterine device increased the wet weight of the affected horn (Table IA) . This increase varied from 30 to 60%, being greater at late dioestrus and pro-oestrus. The increase was accompanied by corresponding increases in cytosolic receptor content (Table iB) In both horns, cytosolic receptor concentration was maximal at the late dioestrus phase.
The capacity of the cytosolic oestrogen receptor to bind to oligo(dT)cellulose was also determined. This binding capacity in vitro has been suggested to reflect possibly the potential for translocation in vivo and long-term nuclear binding and is low in tissues with limited nuclear binding of receptor (Thrower et al., 1976; White et al., 1978) . Although the presence of an intra-uterine device in the horn appeared generally to decrease the binding capacity at all phases, with lowest values being at pro-oestrus (Table 1D) , these alterations were not statistically significant. Thus we conclude that the intra-uterine device did not grossly affect this cytosol receptorassociated activity.
(c) Intra-uterine-device-inducedalterations innuclear oestrogen-receptor content. At each phase of the cycle, the content of nuclear receptor in the intra-uterinedevice-containing horn was approximately equivalent to that in the contralateral control (Table 2A) . As also shown in Fig. 1 , there was a 5-fold increase in the control, contrasted with a 3-fold increase in the intra-uterine-device-containing horn, when the values for metoestrous were compared with those for pro-oestrus. This observation suggests a lowering of the translocational response to increases in circulating oestrogens in intra-uterine-device-containing horns.
Indeed, when we related the content of nuclear oestrogen receptor to cell number (i.e. permg ofDNA; Table 2B ) or to wet weight, the intra-uterine-devicecontaining horn had a lowered concentration of receptor. This was particularly evident, the differences being statistically significant, at the late dioestrous and pro-oestrous phases. At these two phases, the concentration in intra-uterine-device-containing horns was 65 and 53 % respectively of that in control horns. By usinga value of6.5 pg ofDNA/cell (Williams & Gorski, 1972 ) the quantity of receptors per cell was estimated to be (nucleus/cytoplasm) 3150: 16300 for treated horns against 4830:17100 for control horns at late dioestrus and 3200: 11 700 for treated horns against 5980:12600 for control horns at pro-oestrus.
Discussion
The insertion of an intra-uterine device into the uterine horns was followed by an increase in wet 1978
device-containing horn the equivalent increase was only about 3-fold (cf. Figs. la and lb; metoestrus against pro-oestrus). Table 1 . Changes in wet weight, content and oligo(dT)-cellulose binifng capacity of the cytosolic oestrogen receptor during the oestrous cycle for intra-uterine-device-containing and control uterine horns Four separate groups, each of 30 rats, 88 days of age, fitted with an intra-uterine device in one uterine horn 18 days previously were segregated according to phase of the oestrous cycle. Uteri were removed, weighed and prepared as described in the Experimental section. A saturating concentration (SnM) of [3Hjoestradiol was used to measure the content of cytosol receptor and its ability to bind to oligo(dT)-cellulose as described in the Experimental section. For the cytosol receptor, results are expressed as content per uterine horn or per mg wet wt. The ability of the cytosol receptor to bind to oligo(dT)-cellulose was expressed as a percentage oftotal cytosolic roeptor measured. In each phase the mean±s.E.M. is given for four separate determinations each involving four or five animals. Significance of the differences shown was assessed by Student's t test: *intra-uterine device significantly different from control (P<0.01); **intra-uterinedevicesignificantly different fromcontrol(P<0.05); t(d)signifintly different from (a)and(b)(P<0.01); tt(d) significantly differmnt from (a), (b) and (c) (P<0.001).
(A) Wet wt. per uterine horn (mg) Table 2 . Changes in the content ofthe nuclear oestrogen receptor during the oestrous cycle in intra-uterine-device-containing and control uterine horns Measurements ofthe uterine nuclear content ofoestrogen receptor were made, as described in the Experimental section, of the same groups of rats from which were derived the data shown in Table 1 . The content of the nuclear receptor is expressed per uterine horn or per mg ofDNA. In each phase the mean±s.E.M. is given, for four separate determinations, each involving four or five animals * Intra-uterine device significantly different from control (P<0.001); ** intra-uterine device significantly different from control (P<0.01).
(A) Nuclear oestrogen receptor (fmol/horn) (B) Nuclear oestrogen receptor (fmol/mg of DNA) Treatnwnt Intra-uterine device Control Intra-uterine device Control weight at all phases ofthe oestrous cycle. This increase was accompanied by parallel increases in the amount of cytosolic oestrogen receptor, resulting in a constancy of cytosolic receptor concentration in the treated and normal horns. Since receptor concentration is maintained and because one of the distinguishing characteristics of target cells for oestrogen is the presence of specific receptors, the intra-uterine-device-induced increase in uterine weight is probably due to increases in the number of oestrogen-sensitive cells.
The maintenance of the oestrous cycle, despite the presence of the intra-uterine device (in terms ofphasic changes in wet weight and receptor content), is consistent with reports that the intra-uterine device does not alter the normal cycle of ovulation, release Vol. 176 of gonadotrophins or corpus-luteum function (Corfman & Segal, 1968) . There is some disagreement about the behaviour of the cytosolic oestrogen receptor during the oestrous cycle in normal animals: both increases (Feherty et al., 1970) and decreases (Lee & Jacobson, 1971) at pro-oestrus have been reported. Our results are more consistent with those of White et al. (1978) , in that the concentration of cytosol receptor was maintained throughout the cycle except for higher concentrations at the late dioestrus phase. This may be explained in part by differences in the concentration of circulating oestrogens in cycles lasting for 4 or for 5 days (Naftolin et al., 1972 (Clark et al., 1973; White et al., 1978) leading to increased genetic activity involving DNA, RNA and protein synthesis. However, the increase in uterine wet weight resulting from the insertion of an intrauterine device was not associated with an increase in the cellular nuclear receptor content. Our observations of a decreased nuclear receptor concentration (Table 2B) in intra-uterine-device-containing horns are therefore inconsistent with the view that the intra-uterine-device-induced tissue growth is the result of a 'hyperoestrogenic' effect (Joshi, 1970) if we accept that the growth-promoting action of oestrogens is mediated by nuclear receptors. Furthermore, the findings of Stock et al. (1968) , showing that intra-uterine-device-induced growth also occurred in ovariectomized rats, suggest that oestrogens do not play a major role in this type of growth. The unregulated growth may be a non-specific response to tissue distension (Cullen & Harkness, 1968) .
It is unlikely that changes in the characteristics of the oestrogen receptor are responsible for the decreased nuclear binding by intra-uterine-devicecontaining horns, since cytosol and nuclear oestrogen receptors from both control and treated horns had similar dissociation constants. Further, nuclear receptors isolated from both horns had similar stabilities in the exchange assay.
We have considered the possibility that unregulated and excessive tissue growth could lead to a limitation of the vascular supply to the intra-uterine-devicecontaining horn; this would result in decreased intracellular oestrogen concentrations and an apparent decrease in translocation of receptor. It has been shown that the concentration of peroxidase (an oestrogen-induced enzyme) in oestrogen-responsive cells is a direct function of the intracellular oestrogen concentration (Lyttle & DeSombre, 1977) . Our studies show that the cellular concentration of peroxidase in intra-uterine-device-containinghorns is not lower than in control horns (L. Myatt, M. G. Elder & L. Lim, unpublished work), thus strongly excluding the possibility of limited availability of oestrogen in the treated horn being responsible for decreased translocation.
It is still unclear why the presence of an intrauterine device should lead to an altered translocation and/or different retention characteristics of the specific receptor for oestrogens. It is pertinent to note that in the normal uterus the participation of oestrogen is essential to the implantation of the blastocyst (Heald, 1976) . The relationship of nuclear content of oestrogen receptors and the receptivity of the rat endometrium for ovo-implantation has also been studied (Martel & Psychoyos, 1976 ) and it appears that a critical concentration of nuclear receptor is necessary to give the oestrogen-mediated endometrial response necessary for implantation. Clearly, a decreased translocation of oestrogen receptor into the nucleus could interfere with the implantation process. Because of these considerations receptor interactions in intra-uterine-device-containing, infertile and control fertile horns in the first 4 days of pregnancy should be investigated. Such studies should lead to a better understanding of the physiological role of the oestrogen receptor.
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